Abstract: This paper applies a structural equation modeling approach to study the formation of consumers' perceived health risk of genetically modified (GM) foods based on a cross-sectional dataset of 508 consumers in Xi'an, China. The results indicate a high percentage of respondents who believe that GM foods might threaten human health. The estimated structural equation model shows that males, older people, respondents with higher income, those with better educational attainment, and those with family members who need special care have higher perceived risks of GM foods. Effective risk communication is necessary to provide consumers with scientific information about GM foods in order to facilitate their understanding of the actual risks of GM foods.
Introduction
Genetically modified (GM) food refers to the food produced from genetically modified organisms [1] . Since its first commercialization in 1996, the cultivation of GM foods worldwide has surged from 1.7 million hectares in 1996 to 185.1 million hectares in 2016 [2] . Scientists have warned a variety of potential risks related to human health and the environment potentially arise from GM foods. The risks concerning human health are the possibility to provoke allergic reactions, gene transfer, and outcrossing, whereas potential environmental risks include the possibility to introduce the engineered genes into wild populations, loss of biodiversity, and susceptibility of non-target organisms to the gene product [1, 3, 4] .
Those risks concerning GM foods will be interpreted and proliferated by different interest parties and thus take strategic behavior to secure support for their preferred regulatory positions [5, 6] . The regulations are used by the government to ensure the safety of GM foods for humans and the environment. If the products have been assessed to be safe for human health and the environment, the governments approve commercialization. In addition, regulations made by government agencies are proven to affect the whole food system and economic development to some extent. Wesseler (2017) revealed that the delayed approval of GM cowpea caused 33-46 million USD economic losses in one year [7] . Therefore, the regulation of GM technology and foods is a political process shaped not only by the costs and benefit of the interest groups but also by institutions and ideas [8] [9] [10] . It is perceived risk had a negative impact on their willingness to consume GM foods [36] . When consumers perceived GM foods are risky, they tend to develop a risk-reducing strategy, whereby they avoid the consumption of GM foods and are not willing to pay a high price for them.
Although these studies have explored the roles of perceived risk in consumers' intentions to buy GM foods, to the best of our knowledge no studies have analyzed the mechanism under which Chinese consumers' perceived risk of GM foods is formed. This study aims to fill this gap by investigating the determinants of perceived risk based on a survey of a sample of 508 respondents in Xi'an city, China. The remainder of the paper is organized as follows. The conceptual model is presented in Section 2, and the methodology and data are presented in Section 3. Section 4 discusses the empirical results, and Section 5 concludes the study.
The Conceptual Model
We present in this section the conceptual model to measure consumers' perceived risk of GM foods. It describes the definitions of variables and the expected influences of the exogenous variables on the endogenous variable. We first discuss the endogenous variable, and then the exogenous variables.
Endogenous Variables: Perceived Risk of GM Foods
Perceived risk is defined as an individual's assessment of hazards or dangers that might pose threats to his/her health and well-being [37] . There are two dimensions about the perceived risk of GM foods: (1) Perception of the possibility to harm health; and (2) perception of the severity of health risks. Following Kimenju and De Groote (2008), we consider respondents' perception of risks relating to human health by asking them to indicate whether GM foods might damage human's immune system, cause allergic reactions and gene mutation, increase antibiotic-resistant diseases, and cause infertility, on a 5-point scale from "very unlikely" to "very likely" [38] . Respondents' attitude might be inconsistent depending on how the question is asked, that is, whether they are prompted or not during the survey [39] .
Exogenous Variables
Control variables assumed to affect perceived risks of GM foods include socio-economic and demographic factors. The rationale for the inclusion of each factor is discussed below.
Gender
Males and females hold different attitudes toward a variety of health and food-related risks and concerns [40] [41] [42] . Women plan food and household purchases in most cases, thus they are more cautious about the food-related risks than men. In addition, previous studies have demonstrated that women develop more negative attitudes about biotechnology as a result of different life experiences and social responsibility compared with men [4, 43] . Therefore, women might express a higher level of perceived risk than men. However, biotechnology, such as GM foods, is often associated with high productivity and lower price, which are two factors affecting women more than men [41] . Under this circumstance, women are prone to perceive less risk. Hence, the impact of gender on consumers' perceived risk of GM foods can be positive or negative.
Age
Generally speaking, the elderly often stick to traditional lifestyles and are less likely to accept emerging technologies such as GM [44] . In contrast, younger individuals are more likely to tolerate new technology [24] . However, GM technology is a relatively new technology and is unfamiliar to many people, and older folks might regard it as a "high-level technology" and perceive fewer risks [45] . Meanwhile, compared to their older counterparts, younger people have better access to information about GM food and are more sensitive to the possible negative consequences on human health [44] .
Consequently, there is a chance that younger people perceive more risks of GM foods than the elderly. Therefore, we cannot decide the impact of age on consumers' perceived risk of GM foods.
Education
Education causes individuals to be more knowledgeable and competent to interpret a phenomenon [46] . Because GM is a new technology which is unfamiliar to many people, the ability to obtain and process information is necessary to form perceived risk. Hall and Moran (2006) found that education is an ideal way to give consumers knowledge and to make them informed about a more positive general attitude toward science and technology. They also found that respondents with postgraduate degrees perceived fewer risks related to GM foods compared to those with less education [47] . On the contrary, Grice and Lawrence (2003) pointed out that those with better educational attainment always seek more information related to GM foods, which stimulates negative attitudes towards GM foods [48] . Hence, the influence can be positive or negative on consumers' perceived risk of GM foods.
Income
Previous studies revealed inconsistent results about the impact of income on consumers' perceived risk of GM foods. Some studies showed that richer people perceive fewer risks than less affluent people because they are capable of purchasing foods that have no health and food safety problems [49] . However, some other studies demonstrated that higher income is associated with risk avoidance such that more affluent people perceived more risks than people with lower income [19] . On the contrary, Hwang (2005) reported that income did not have an impact on individuals' perception of risk [50] . Hence, the relationship between respondents' income and their perceived risks of GM foods is an empirical matter.
Family Members Who Need Special Care (NFSC)
The family members in need of special care refer to children, the elderly, pregnant women, and patients with chronic diseases. Respondents who live with people with these conditions have a higher risk perception from foods because they are more prone to food-borne illnesses [37, 51] . Because the safety of GM foods has not been scientifically verified, respondents who have family members in need of special care might perceive more risks from GM food. Therefore, we assume that the number of respondents with family members in need of special care is positively associated with higher perceived risks.
Family Size
Family size refers to the number of family members in a household. Compared to smaller families, larger families have more and better access to information about the risks of GM foods which could facilitate the development of a better understanding and judgment of GM foods [52] . Meanwhile, people in large families have higher perceived risk also because they have more family members to be concerned about. The number of family members can affect the budget in a household and the perceived cost of GM food. Therefore, the impact of family size on consumers' perceived risks can be positive or negative.
Poor Health Condition
Consumers' poor health condition is assumed to affect their perception of GM food risks. Consumers who have health conditions such as cardiovascular diseases, stomach diseases, food-related diseases, or other negative health conditions, will be more careful of the food they consume and may avoid foods that might pose a risk to their health. The safety of GM foods is still scientifically controversial. Hence, we assume that consumers' poor health condition has a positive influence on their perceived risk of GM foods.
Methodology: Structural Equation Model (SEM)
The conceptual model will be estimated by a structural equation model (SEM). The conceptual model contains both latent variables (perceived risks) and observed variables (e.g., age and income). A latent variable refers to a phenomenon that exists but cannot be directly observed, such as intelligence, social status, and perception [53] . Nevertheless, a latent variable can be measured by a set of indicators, each of which has some explanatory power but none which measures a latent variable perfectly.
SEM provides a measurement model for latent variables and models their relationships within one system of equations [54] . SEM is composed of two parts, namely a measurement model and a structural model. The former represents the relationship between latent variables and their observables, whereas the latter specifies the relationships among latent variables and their exogenous determinants. The measurement models for the endogenous and exogenous variables are expressed in Equations (1) and (2), respectively.
where y is a p × 1 vector of observed variables to measure endogenous variables, x is a q × 1 vector of observed variables to measure exogenous variables, η is a m × 1 vector of latent endogenous variables, and ξ is a n × 1 vector of latent exogenous variables. Λ y and Λ x are p × m and q × n matrices of factor loadings to be estimated. At last, ε and δ are p × 1 and q × 1 vectors of i.i.d. measurement errors, respectively. The structural model is as follows:
where B is an m × m matrix of coefficients that represent the relationships among the latent endogenous variables, Γ is an m × n matrix of coefficients to model the association between the exogenous latent variables and the endogenous latent variables and ζ is an m × m vector of disturbances. However, this paper contains only one endogenous variable; the B matrix does not exist. The systems of equations described in Equations (1)-(3) can be rewritten as follows: 
Empirical Results

The Survey
Our data was based on a survey conducted in Xi'an city, Shaanxi province in Northwestern China. The total population of Xi'an city was 8.63 million in 2014, scattered in 10 municipal districts and 3 counties [55] . Respondents were randomly approached at supermarkets, wholesale markets, and parks located in those districts and counties. The questionnaire was developed to elicit respondents' sociodemographic characteristics, awareness of GM foods, and perceived risks towards GM foods. Face-to-face interviews were conducted by interviewers. Prior to the interviews, a preliminary survey was conducted to test the questionnaire in order to remove unclear formulations. The interviewers were a group of Master's and Ph.D. students from the College of Economics and Management, Northwest A&F University, Shaanxi province. The survey was carried out between May and June 2015. Table 1 describes the interviewee's socio-demographic characteristics. It can be seen that there are more female (55.1%) than male respondents (44.9%) (Male = 0, Female = 1). This is different from the census data (Female: 48.4% VS Male: 51.6%), since women are often the nurturers and career providers of the family who regularly shop at farmers' markets or supermarkets. The mean age is approximately 34, indicating that the interviewees are relatively young (shoppers are often younger adults). Their educational attainment is high: 36.2% of the respondents had bachelor's degrees and above. In terms of income, the statistics show that 37.8% of the respondents had a monthly income of 1000-3000 Yuan, and another 32.7% had a 3000-5000 Yuan monthly income, consistent with the average monthly per capita income of 4,343 Yuan reported in the census data [55] . Next, 26.3% of respondents had at least one family member who was elderly (more than 60 years old); 9.97% of citizens are more than 65 years old according to the census data, and 28.1% had at least one child younger than 12 years old (14.1% of the citizens are less than 14 years old based on the statistical data), 3.0% lived with pregnant women, 4.4% had infants younger than 6 months, and 7.7% had family members with chronic diseases. The explicit statements and their summary statistics for perceived risks are presented in Table 2 . Perceived risks of GM foods are relatively high with 33.66% and 12.99% of the respondents believing that it is "likely" and "totally likely" that GM foods might damage the human immune system, respectively. Around 40% of the respondents considered it "likely" or "totally likely" that GM foods might cause allergic reactions and gene mutations for humans, and more than 40% agreed that GM foods could cause antibiotic-resistant and infertility. On the contrary, only 10% believed it impossible that GM foods could cause risks for human health, suggesting that respondents had limited understanding of the possible negative effects of GM foods on human health. 
Descriptive Statistics
The Estimated SEM
The measurement and structural models, as specified in Equations (4)- (6), are presented in Tables  4 and 5 , respectively. Because some observed variables are ordinal or discrete, our model is estimated using the maximum likelihood method based on a matrix of polychoric correlations [54] . Two models have been estimated: The initial model, which includes all exogenous variables, and a final model, which was obtained by following a stepwise procedure where the most insignificant variable drops out from the model one by one until all variables have significant coefficients.
We first discuss the goodness-of-fit measures in Table 3 Next, we turn to the measurement model presented in Table 4 . Since the measurement models for the initial and final model are very similar, we only discuss the results for the initial model. It can be seen that perceived risks were well measured. The standardized factor loadings for observables ranged between 0.73 and 0.83 and all were above 0.4, demonstrating that all indicators had satisfactory validity. The reliability measures of the indicators were reasonable as well. Looking closer, the R2 for the perceived health risks, PR1-PR5, were all above 0.50, indicating relatively high reliability. Table 5 shows the estimated coefficients and standard errors (in parenthesis) for the structural model. We first discuss the initial model, then the final model. Gender has a positive impact (0.15, p < 0.01) on perceived risks, which means males had higher risk perception than their female counterparts. The possible explanation is that there is an increasing number of males taking care of their families, and they pay more attention to dietary health and are more sensitive to biotechnology than females. Hence, males perceived more risks of GM food than women. Age positively and significantly affects perceived risks (0.22, p < 0.01), indicating that the elderly considered GM foods as riskier than younger adults. This suggests that older adults tend to have lower acceptability of new things. Education has a positive impact on perceived risks (0.10, p < 0.10), meaning that education does not play much of a role. This is related to respondents' employment field, and more highly educated people who worked in areas such as biotechnology perceived fewer risks of GM foods. Next, income has a positive influence on perceived risks (0.10, p < 0.05), suggesting that more affluent respondents perceived higher risks. Compared to less affluent people, those with higher income have fewer budget constraints, and thus they are capable of buying less risky foods. Family size did not have a significant influence on perceived risks, suggesting that larger family size does not promote a higher perceived risk. The potential reason is that GM food is not a frequent topic for discussion among family members. In addition, larger families take more consideration of the food price, and the price of GM foods is often lower than conventional foods, so they perceive fewer risks. NFSC exerts a positive and significant influence on perceived risks (0.13, p < 0.05), indicating that individuals with someone in need of special care are cautious about GM foods and thus they perceived more risks. We now turn to the final model. The standardized coefficients for the final model are largely in line with the numbers in the initial model. The only difference is that the insignificant coefficient for education (0.10, p > 0.10) became significant in the final model (0.11, p < 0.10). This means that respondents with higher education perceived more risks of GM foods. The rationale is that individuals with better educational attainment are prone to believe GM foods might threaten their health. Additionally, the health condition of individuals does not carry much weight when it comes to influencing perceived risks (0.02, p > 0.10). A possible explanation is that compared to healthy respondents, unhealthy respondents were not necessarily more likely to consider GM foods as potential causes to their illnesses.
Summary and Conclusions
China is seeing a surge in the cultivation of GM crops, imports of GM foods, as well as research and development of GM technology. Previous studies have explored the roles of perceived risks in consumers' intentions to buy GM foods but have neglected the mechanisms under which consumers' perceived risks are formed. This paper aims to analyze consumers' perceived risks of GM foods and their determinants, based on a sample of 508 consumers in Xi'an city, Shaanxi province, China. The main results are as follows.
First, the percentage of respondents who believed that GM foods might threaten human health and the environment was much higher than those respondents who believed not so. Meanwhile, a large portion (more than 40%) of respondents had limited understanding of the risks of GM foods. The approval process of GM technology and foods affects the whole food system and has an impact on economic development. The interest groups provide different explanations of the potential risks with regard to GM foods, so consumers might be confronted with contradictory information. Consumers' opinions play a pivotal role in policy development, and therefore, effective risk communication is necessary to provide scientific and objective information about GM foods to consumers in order to facilitate their understanding of the physical risks of GM foods. China has the largest number of mobile phone users in the world, with 1.8 billion mobile phones sold in the fourth quarter of 2018 [57] , and 89% of Chinese internet users use smartphones to go online [58] . One effective way to facilitate a better understanding of GM foods would be to develop smartphone apps combined with social media platforms (e.g., WeChat) to communicate this information to the masses. Furthermore, foods processed with GM materials and ingredients need to be clearly labeled. Under this circumstance, consumers can make their own judgments about GM foods and can make their own choices.
Second, the results of the structural equation model showed that gender, age, education, income, and NFSC had significant influences on the perceived risks of GM foods. These results suggested that the communication of risks relating to GM foods would be more effective if these specific groups are targeted. In particular, the consumers who had family members in need of special care were more concerned about the risks. This fact agrees with the results that respondents' perceived risks were more characterized by perceived health risks. 
